Records of the first three lactations of cows were obtained from the file of the Dairy Herd Testing Association in Hokkaido. The data were divided into 10 files containing approximately 24,000 cows each. The derivative-free REML method was used to estimate variances with a repeatability model. The model contained herd-year, calving month, and the linear and quadratic effects of age at calving as fixed effects; additive genetic, permanent environmental, and temporary environmental effects were the random effects. Estimates from the 10 data files were pooled into a simple arithmetic mean. Empirical standard errors were. calculated from the samples. Average estimates of heritability were the same for milk and fat yields <h2 = .30). Heritabilities for protein @ = .26) and SNF yields (h2 = .27) are slightly lower than those for milk and fat yields. Estimates of repeatabilities, .52 to 254, are considerably different from those now used for genetic evaluations in Japan.
INTRODUCTION
For dairy cattle improvement, prediction of breeding values with an animal model instead of computation of separate genetic evaluations for cows and bulls is becoming common. Some countries implemented national animal model evaluations in the late 1980s [e.g., (3, 5 , 7, 14) ]. In Japan in 1992, the maternal grandsire model evaluation was replaced by the animal model. Evaluation is with a repeatability model, which includes the first five lactation records of cows. Good estimates of variances for milk yield traits in Japan are not available. To estimate variance components, use of the model for prediction, or of a similar model as used for the prediction of breeding values, seems desirable. The estimation of variance components, however, is more difficult than computation of genetic evaluations. Smith and Graser (8) and Graser et al. (4) presented a derivative-free (DF) REML algorithm for animal models that does not require direct inversion. Their procedure is applicable to relatively large data files. The procedure also can be extended to models with more than one random effect (1, 6).
The objective of this study was to estimate heritabilities and repeatabilities for milk, fat, protein, and SNF yields of Holsteins in Japan by the DF REML algorithm using the animal model with repeated records, which is similar to the model used for predicting breeding values in Japan.
cently and cows were required to have a first lactation record and all four yield traits, the period of calving varied between 1985 and 1991 and differed by region. The data were divided into 10 files by herd within region, each with about 24,000 cows ( Table 1) . Twogeneration pedigrees for dams and threegeneration pedigrees for sires were used in calculating the inverse of the numerator relationship matrix. To estimate variances with the repeatability model, REML, with a DF algorithm using SPARSPAK (l), was used. The primary differences between animal model evaluations for Japan and the US are that, in Japan, records are not preadjusted for age, and herd-year is used rather than herd-year means for contemporary grouping so that the model contains effects for calving age, month of calving, and herd-year. The univariate model for estimating variance components was where Yijkl is milk, fat, protein, or SNF yield with twice daily milking and complete records of length 240 to 305 d for cow k in herd-year i, calving month j, and lactation 1; HYi is effect of herd-year i; M, is effect of calving month j;
x , ,~ is the cow age at calving; ak is additive genetic effect of cow k; pk is the permanent environmental effect of cow k; b l and b2 are the partial regression coefficients for linear and quadratic effects of age at calving; and ei,u is random residual associated with each record. All numerator relationships within a data file and the two-and three-generation pedigrees were utilized. Covariances of additive genetic and permanent environmental effects were assumed to be zero. Second lactation records of cows were included in the analyses only if the cow had a first lactation record in the data. Similarly, third lactation records were included only if the cow had both preceding records in the data. Estimates from the 10 data files were pooled as the simple arithmetic mean. Yerex (15) showed that the mean provided nearly the same estimates as analysis of all data in a single analysis if the samples were about the same size. In addition, estimates from several samples provide empirical estimates of variability of estimated components for genetic and environmental terms, although such standard errors also may be influenced by the structure of genetic relationships that would seem to be similar across data files based on number of animals with records and order of numerator relationship matrix.
RESULTS AND DISCUSSION
Means for milk, fat, protein, and SNF yields for the 10 data files are shown in Table 2 . The results for milk, fat, protein, and SNF yields, respectively, are presented in Tables 3 to 6 . Convergence occurred within 100 rounds by the criterion that the variance of the log likelihoods in the simplex [see, e.g., (l)] was less than 10-7 in all data files and for all traits. Mean heritabilities were .30, .30, .26, and -27 for milk, fat, protein, and SNF yields, respectively. These values are almost the same or slightly higher than those estimated by Henderson's method 3 using similar data with a sire model (9) yield occurred in data file 10 and was less than one-half of the maximum estimate from data file 7. Several factors must be considered for reliable estimation of genetic parameters. Herd yield is one of these factors. Van Vleck et al.
(1 1) reported that heritability for higher yielding herds was larger than for lower yielding herds. There were some differences in mean milk yield among data files. The lowest mean for each trait and in each lactation occurred in data file 8, and the highest occurred in data file 4 or 5. The difference was 800 kg or more in milk yield. The same tendency was observed for other traits as well ( Table 2 ). The heritability estimates varied from .26 to .34 across data files for milk yield ( higher estimates of heritability might result if more precise pedigree data could be used. For the data in this study, only a small increase would be expected because at least twogeneration pedigrees on the dam side and three-generation pedigrees on the sire side were used. Visscher and Thompson (12) suggested that some differences in estimates of genetic variances may be due to types of relatives contributing to parameter estimates.
CONCLUSIONS
With a model similar to the evaluation model used in Japan, estimates of heritability were the same for milk and fat yields (h2 = .30); heritabilities for protein, (h2 = .26) and SNF yields (I? = .27) were slightly lower than those for milk and fat yields. Estimates of repeatabilities of .52 to .54 are considerably larger than those now used for genetic evaluations in Japan. These results suggest that these estimates should be used as parameters for genetic evaluations in Japan rather than the estimates now used.
